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PURPOSE: To attain high reliability, by using a part of location of a memory as 
an exclusive location storing the number of times of write to the said memory 
device for confirming the number of times of program. 

CONSTITUTION: An exclusive location 2 in all block number 1 of a storage area 
is allocated to store the number of times of program of said memory and the 
number of bits of the location 2 corresponds to the limit value of the number of 
times of program of said memory. Further, every time the program write to said 
memory takes place, the location 2 is read out, the stored value is counted up, 
and the counted-up value is stored in the location again. Then, the program is 
written In the storage area other than the location 2. 
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Japanese Patent Application KOKAI No. 58-215795 
Date of KOKAI: December 15, 1983 

Title of the Invention: Non-volatile memory device 
Application No. 57-98308 
filed June 8, 1982 
Inventor : Yoshiyuki Tanaka 
Applicants: Tokyo Shibaura Denki K.K. 

Specification 

1. Title of the Invention: 

Non-volatile memory device 

2. The Claim: 

A device consisting of an electrically programable non- 
volatile memory, wherein exclusive location used as a counting 
area which stores the number of times data was written there is 
partly allocated. 

3. Detailed Explanation of the Invention 
(Field of the invention) 

This invention relates to a non-volatile memory device, 
and especially to the electrically programable semiconductor 
non-volatile memory device. 
(Background of the invention) 

The semiconductor non-volatile memory device consists of 
MOS-FET's for storing binary data. Each MOS-FET stores charge 
as binary data, and it keeps charge stored although no power is 
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supplied to the memory cells. 

Various types of non-volatile memories have been proposed, 
and UV-EPROM (ultraviolet erasable and programable ROM) is one 
of the most popular memories of these types. If UV-EPROM is 
exposed to the ultraviolet UV rays outside the circuit, charges 
are erased from or written into the UV-EPROM. 

An EEPROM( electrically erasable and programable ROM) is 
another one of the most popular memories of these types. Data 
can be erased from or written into the EEPROM while the EEPROM 
is being installed in the circuit if the erasing-and-writing 
device is used together with the EEPROM circuit. An EEPROM can 
thus be used for such a system that the stored contents may 
change frequently, typically a cash register. 

An EEPROM can be used together with a static RAM so as to 
constitute a non-volatile RAM. The EEPROM in the non-volatile 
RAM provides the same capacity as the static RAM, and it can 
operate in the same mode while the power is on. When the power 
goes off, information stored in the EEPROM is kept stored 
although information in the static RAM disappears. At that 
time, control goes to the EEPROM starting with the static RAM. 
When the power goes on again, information moves from the EEPROM 
to the static RAM. The above processes are the way of keeping 
the information stored while the power is off. 

A high voltage is required for writing data into an 
EEPROM, and this high voltage limits the alteration of memory 
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contents and also the number of times data was reprogramed. 
The number of times data was reprogramed is currently limited 
to 1,000 to 10,000 for an EEPROM. This limitation is 
mandatory, and the reliability is not assured for the 
reprograming exceeding the limited number of times. 

The principle of operation of the EEPROM and the 
limitation on the number of times data was reprogramed will be 
described hereafter. Figure 1 shows the cross-sectional view 
of the typical EEPROM cell. Figure 1(a) shows the charge flow 
when data is written, and Figure 1(b) shows the charge flow 
when data is erased. In Figure 1, first polycrystalline 
silicon layer forming first electrode 11, second 
polycrystalline silicon layer forming floating gate 12, and 
third polycrystalline silicon layer forming second erase-and- 
write electrode 13 are provided on P-type silicon substrate 10 
together with insulation layer 14 made of Si0 2 . Floating gate 
12 is located between first and second electrodes 11 and 13, 
and floating from these electrodes. 

For the programing of data, first electrode 11 is set at a 
voltage of 0V or common potential, and second electrode 13 is 
set at high voltage (+V). (See Figure 1(a).) At that time, 
floating gate 12 goes to high voltage (+V) due to static 
coupling to second electrode 13. This causes a high electric 
field between first electrode 11 and floating gate 12. Thus, 
electrons move from first electrode 11 to floating gate 12 due 
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to tunneling and these electrons are captured by floating gate 
12. After electrons are completely captured by floating gate 
12, second electrode 13 is set at a voltage of OV to complete 
the programing. At that time, floating gate 12 is kept at 
negative voltage since electrons are being captured by floating 
gate 12. 

Next, consider that the corresponding cell has been 
programed by the electrons captured by floating gate 12. (See 
Figure 1(b).) For the erase of data, first electrode 11 is 
set at a voltage of OV, floating gate 12 at a voltage of OV, 
and second electrode 13 at high voltage (+V). A high electric 
field is generated between floating gate 12 and second 
electrode 13, and electrons move from floating gate 12 to 
second electrode 13 through insulation layer 14 due to 
tunneling. When electrons captured by floating gate 12 are 
completely moved to second electrode 13, the erasing of data is 
completed. At that time, second electrode 13 is set at a 
voltage of OV. 

As described above, the programed state is defined as that 
in which electrons have been captured by floating gate 12 to 
such a level that in which floating gate 12 is set at negative 
voltage. The erased state is defined as that in which 
electrons captured by floating gate 12 have completely been 
moved away so that floating gate 12 is set at a voltage of OV. 
The former corresponds to logical 1 and the latter to logical 
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0, and vice verse. The programed state becomes logical 1 in 
some cases, and logical 0 in the other case. Logical states 
are defined by peripheral devices. 

The number of times data is reprogramed in an EEPROM is 
limited due to the motion of electrons from first electrode 11 
to floating gate 12 by tunneling when second electrode 13 is 
set at high voltage for the programing of data. That is: 
electrons move from first electrode 11 to floating gate 12 
through the insulation layer of Si0 2 and vice versa. This type 
of electron motion puts stress on the insulation layer and it 
degrades the insulation layer. The insulation layer is not so 
strongly stressed when data is written into the cell while data 
is being erased, and the degree of degradation is quite few. 

When programs are frequently altered in the EEPROM 
installed in a certain system, the memory contents may 
disappear in some cases as described above. The maximum number 
of times data will be reprogramed in an EEPROM is determined in 
accordance with the expected life of the EEPROM in a certain 
system, and the EEPROM is thus replaced in predetermined time 
intervals. This maintainance method is doubtful from the view 
point of reliability. 
(Objective of the invention) 

The objective of the present invention is to provide the 
non-volatile memory device wherein the number of times data is 
reprogramed can be assured to assure high reliability. 
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(Outline of the invention) 

The non-volatile memory device built in accordance with 
the present invention provides a special memory cell location 
wherein the number of times data was reprogramed is stored so 
that one could know the remaining number of times data can be 
reprogramed... 

(Advantages of the invention over the technique in the prior 
art) 

In accordance with the present invention, one can easily 
know the remaining number of times data can be reprogramed in 
the corresponding memory device, and the memory contents never 
disappear in such a system that data is frequently reprogramed. 
Thus, the reliability can be improved in such a manner as 
described above. Unlike the decision on the EEPROM device life 
in the prior art, the number of times data was reprogramed in 
the device can accurately be known. Thus, the device is never 
replaced before its life, and the device can be used 
economically. 

(Embodiments of the invention) 

The present invention will be described hereafter 
referring to the drawings. 

Figure 2 shows the memory areas of an EEPROM built in 
accordance with the present invention. 

In Figure 2, 1 indicates the entire memory areas, and 2 
indicates the exclusive location called the counter area 
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wherein the number of times data was reprogramed is stored. 
Memory area 1 includes counter area 2. The number of bits in 
counter area 2 is determined by the total number of times data 
can be reprogramed. Counter area 2 thus occupies the required 
number of bits in memory area 1. 

How to count the number of times data was reprogramed will 
be described hereafter. 

First, counter area 2 is initialized (typically to 0). 
The contents of counter area 2 are read out of the memory 
device each time a program is written into the memory area, and 
at that time the number which is read out of counter area 2 is 
incremented (typically by one). The updated number is then 
stored in counter area 2 again. Next, a program is written 
into the memory area other than counter area 2. 

Although the contents of counter area 2 are first 
incremented and thereafter a program is written into the memory 
area other than counter area 2, a program can first be written 
into the memory area other than counter area 2 and thereafter 
the contents of counter area 2 can be incremented. The process 
of this operation depends on the design criteria. 

Figure 3 shows the memory areas of the non-volatile RAM 
consisting of an EEPROM and an RAM. In Figure 3, 3 indicates 
the RAM area, and the other numbers for the EEPROM are as 
indicated in Figure 2. Counter area 2 is first initialized 
(typically to 0). Data is normally read from or written into 
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RAM 3 during the system operation. The contents of RAM 3 are 
transferred to the EEPROM to keep them stored when the power is 
off in the system. 

Before the contents of RAM 3 are transferred to the 
EEPROM, data is read out of exclusive location 4 (counter area 
4) which corresponds to exclusive location 2 in the EEPROM. 
Data read out of counter area 4 is incremented and then written 
into counter area 4 again. After the contents of counter area 
4 are updated in this manner, the contents of RAM 3 are stored 
in memory area 1. At that time, the contents of counter area 4 
are stored in counter area 2. 

Before RAM 3 is used again, the contents of memory area 1 
and counter area 2 are respectively written (recalled) into RAM 

3 and counter area 4. 

The number of times data was reprogramed is thus recorded 
and kept stored as part of the non-volatile memory contents. 
This informs the user of the remaining number of times data can 
be reprogramed, and this number never disappear. 
[Variation of the invention] 

In the above embodiment, the contents of counter area 2 or 

4 are incremented every time data is reprogramed. If the 
maximum permissible number of times for the reprograming is 
preset as initial data, the contents of the counter area can be 
decremented every time data is reprogramed. At that time, the 
remaining number of times data can be reprogramed can be known. 



-8- 




When the number of times data was reprogramed becomes a 
predetermined value, a display typically a CRT display or a 
lamp indicator can inform the operator of the excess number of 
times or the prohibition of reprograming. 
(Brief description of the drawings) 

Figure 1 shows the cross-sectional views of an EEPROM, 
where data has been written into the cell in Figure 1(a), and 
data has been erased in Figure 1(b). 

Figure 2 shows an embodiment of the memory device built in 
accordance with the present invention. 

Figure 3 shows another embodiment of the memory device 
built in accordance with the present invention. 

1 . . .memory area 
2 . . . counter area 
3 . . . RAM 

4 . . . counter area 
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